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(54) ELECTRIC BRAKE DEVICE

(57) An electric brake system is proposed of which
the sensor for detecting the pressing force of a friction
pad is less likely to be influenced by frictional heat gen-
erated between the friction pad and the brake disk,
whereby the sensor can detect the pressing force of the
friction pad with high accuracy in a stable manner. The
electric brake system (1) includes a linear motion mech-
anism for converting the rotation of a rotary shaft (10) to
a linear motion of an outer ring member (12), and con-
figured such that the friction pad (8) is pressed against

the brake disk (2) by the outer ring member (12). The
brake system further includes a reaction force receiving
member (14) adapted to receive an axially rearward re-
action force generated when the friction pad (8) is moved
axially forwardly and pressed against the brake disk (2),
and a stationary member (35) provided axially rearward
of the reaction force receiving member (14). A magnetic
pole row (37) is mounted to the reaction force receiving
member (14), while the magnetic sensor (38) is mounted
to the stationary member (35).
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Description

TECHNICAL FIELD

[0001] This invention relates to an electric brake sys-
tem used e.g. in a motor vehicle.

BACKGROUND ART

[0002] Many of older vehicle brake systems are hy-
draulic brake systems, which include a brake disk and
friction pads driven by hydraulic cylinders and pressed
against the brake disk. But with the recent introduction
of new brake control systems such as anti-lock brake
systems (ABS), electric brake systems, which do not use
hydraulic circuits, are gathering much attention.
[0003] Electric brake systems include a rotary shaft
driven by an electric motor, and a linear motion mecha-
nism including a linear motion member and configured
to covert the rotation of the rotary shaft to linear motion
of the linear motion member such that the friction pad is
pressed against the brake disk by the linear motion mem-
ber. Many of such electric brake systems include a sensor
for detecting the pressing force with which the friction
pad is pressed against the brake disk in order to control
the braking force to a desired value.
[0004] Electric brake systems including a sensor for
detecting the pressing force of the friction pad are dis-
closed e.g. in the below-identified Patent documents 1
to 3.
[0005] The electric brake system disclosed in Patent
document 1 has a caliper body including opposed pieces
facing each other on both sides of the brake disk, and a
bridge through which the opposed pieces are coupled
together. A linear motion mechanism is mounted in the
caliper body such that the friction pad is pressed against
the brake disk by the linear motion member of the linear
motion mechanism. A strain gauge is mounted in the cal-
iper body at its portion where the bridge is joined to one
of the opposed pieces to detect the pressing force of the
friction pad.
[0006] The electric brake system disclosed in Patent
document 2 also includes a caliper body including op-
posed pieces facing each other on both sides of the brake
disk and coupled together by a bridge, and a linear motion
mechanism mounted in the caliper body. A pair of elec-
trodes are embedded in the linear motion member of the
linear motion mechanism to detect the pressing force of
the friction pad by measuring the electrical resistance
between the electrodes, which changes corresponding
to strain.
[0007] The electric brake system disclosed in Patent
document 3 also includes a caliper body including op-
posed pieces facing each other on both sides of the brake
disk and coupled together by a bridge, and a linear motion
mechanism mounted in the caliper body. The pressing
force of the friction pad is detected by measuring the
pressure in a hydraulic pressure chamber defined in the

linear motion member of the linear motion mechanism,
which changes corresponding to strain.

PRIOR ART DOCUMENTS

PATENT DOCUMENTS

[0008]

Patent document 1: JP Patent Publication
2003-287063A
Patent document 2: JP Patent Publication
2003-014018A
Patent document 3: JP Patent Publication
2004-204990A

SUMMARY OF THE INVENTION

OBJECT OF THE INVENTION

[0009] Due to frictional heat generated between the
friction pad and the brake disk, the temperature of and
around the friction pad tends to rise.
[0010] In the electric brake system disclosed in Patent
document 1, since the strain sensor for detecting the
pressing force of the friction pad is provided at the portion
of the caliper body where the bridge is joined to one of
the opposed pieces, the strain sensor tends to be heated
to a high temperature, which makes it impossible to pro-
vide a circuit for processing the sensor signal sufficiently
close to the strain sensor. This increases noise in the
sensor signal. Also, when the caliper body is heated to
high temperature, the temperature distribution become
uneven, thus generating thermal strain. Since the strain
sensor picks up such thermal strain too, it is difficult to
measure only the strain due to the pressing force of the
friction pad with high accuracy.
[0011] In the electric brake system of Patent document
2 too, since the electrodes for detecting the pressing force
of the friction pad are provided in the linear motion mem-
ber, the electrodes tend to be heated to high temperature,
so that it is impossible to provide the signal processing
circuit sufficiently close to the electrodes, so that noise
in the sensor signal increases. Also, since the linear mo-
tion member, in which the electrodes are embedded,
moves, it is necessary to arrange wires leading to the
electrodes so as to be movable. This increases costs.
[0012] In the electric brake system disclosed in Patent
document 3, if hydraulic fluid in the hydraulic chamber
leaks and air enters the hydraulic pressure chamber, the
output of the hydraulic pressure sensor does not corre-
spond to the pressing force of the friction pad any more.
Thus this system has a problem in long-term reliability.
In order to maintain liquid tightness of the hydraulic pres-
sure chamber with high reliability, high costs are required.
[0013] An object of the present invention is to provide
an electric brake system of which the sensor for detecting
the pressing force of the friction pad is less likely to be
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influenced by frictional heat generated between the fric-
tion pad and the brake disk and can stably and accurately
detect the pressing force of the friction pad.

MEANS FOR ACHIEVING THE OBJECT

[0014] In order to achieve this object, the present in-
vention provides an electric brake system comprising a
rotary shaft configured to be driven by an electric motor,
a linear motion mechanism including a linear motion
member and configured to covert the rotary motion of the
rotary shaft to a linear motion of the linear motion mem-
ber, a brake disk, and a friction pad configured to be
pressed against the brake disk by the linear motion mem-
ber, wherein the electric brake system further comprises
a reaction force receiving member configured to receive
an axially rearward reaction force applied to the linear
motion member when the friction pad is moved axially
forwardly and pressed against the brake disk by the linear
motion member, wherein the reaction force receiving
member is provided axially rearward of the linear motion
member, a stationary member fixed in position at a loca-
tion axially rearwardly spaced from the reaction force re-
ceiving member, a magnetic pole row mounted to one of
the reaction force receiving member and the stationary
member, and comprising N-poles and S-poles which are
arranged alternately with and adjacent to each other in
the axial direction, and a magnetic sensor mounted to
the other of the reaction force receiving member and the
stationary member so as to face the magnetic pole row
in a direction perpendicular to the axial direction such
that the magnetic sensor can detect a change in relative
position between the magnetic sensor and the magnetic
pole row in the axial direction.
[0015] With this arrangement, when the friction pad is
pushed axially forwardly and pressed against the brake
disk by the linear motion member of the linear motion
mechanism, the axially rearward reaction force that acts
on the linear motion member is received by the reaction
force receiving member. The reaction force thus axially
deforms the reaction force receiving member, thereby
changing the relative position between the magnetic pole
row and the magnetic sensor. This in turn changes output
signal of the magnetic sensor corresponding to the press-
ing force of the friction pad. Thus, it is possible to detect
the pressing force of the friction pad based on the output
signal of the magnetic sensor.
[0016] Since the magnetic sensor is mounted, not on
the linear motion member of the linear motion mecha-
nism, but on the member which receives the reaction
force, the distance between the friction pad and the mag-
netic sensor is long. Thus, the magnetic sensor is less
likely to be influenced by frictional heat generated be-
tween the friction pad and the brake disk. By using the
magnetic pole row made up of N-poles and S-poles ar-
ranged alternately with and adjacent to each other, the
output signal of the magnetic sensor changes steeply
when the relative position between the magnetic pole

row and the magnetic sensor changes in the axial direc-
tion, while the output signal of the magnetic sensor
scarcely changes when this relative position changes in
a direction other than the axial direction. This minimizes
the influence of external noise on the output signal of the
magnetic sensor, thereby making it possible to detect the
pressing force of the friction pad with high accuracy in a
stable manner.
[0017] The magnetic pole row may comprise a plurality
of permanent magnets of which N-poles and S-poles are
arranged alternately with and adjacent to each other. This
magnetic pole row is simpler in structure and thus less
expensive than a magnetic pole row made up of electro-
magnetic coils.
[0018] In this arrangement, if the temperature of the
permanent magnets rises due e.g. to the influence of
frictional heat generated between the friction pad and the
brake disk, the magnetic field generated by the perma-
nent magnets decreases with the temperature rise. Thus,
in order to stabilize the detection accuracy of the mag-
netic sensor, this brake system may be further provided
with a temperature sensor provided in the vicinity of the
magnetic sensor, and a correction control unit configured
to correct the output signal of the magnetic sensor based
on the output signal of the temperature sensor.
[0019] Preferably, a resistance thermometer sensor is
used as the temperature sensor, because a resistance
thermometer sensor can detect temperature with a small-
er measurement error than a thermocouple, and can sta-
bly maintain high detection accuracy over a prolonged
period of time.
[0020] The linear motion mechanism may comprise a
plurality of planetary rollers kept in rolling contact with
the cylindrical surface on the outer periphery of the rotary
shaft, a carrier retaining the planetary rollers such that
the planetary rollers can revolve around the rotary shaft
while rotating about the axes of the respective planetary
rollers, and restrained from axial movement, and a linear
motion member in the form of an outer ring member sur-
rounding the planetary rollers, in which the outer ring
member has a helical rib formed on the inner periphery
thereof, and the planetary rollers are each formed with a
helical groove or circumferential grooves in the outer pe-
riphery thereof such that the helical rib is engaged in the
helical grooves or the circumferential grooves. When the
friction pad is pushed axially forwardly and pressed
against the brake disk by the outer ring member as the
linear motion member, the axially rearward reaction force
that acts on the outer ring member is transmitted through
the planetary rollers and the carrier to the reaction force
receiving member and received by the reaction force re-
ceiving member. Thus, it is possible to detect the pressing
force of the friction pad based on the output signal of the
magnetic sensor which changes corresponding to the
deformation of the reaction force receiving member.
[0021] In one arrangement, the reaction force receiv-
ing member comprises an annular plate portion axially
supporting the carrier through a thrust bearing, and an
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inner tubular portion extending axially rearwardly from
the radially inner edge of the annular plate portion, where-
as the stationary member comprises a fixed plate portion
arranged axially rearward of and facing the reaction force
receiving member, and an outer tubular portion extending
axially forwardly from the fixed plate portion so as to face
the radially outer surface of the inner tubular portion, with
the magnetic pole row mounted to one of the outer tubular
portion and the inner tubular portion and the magnetic
sensor mounted to the other. With this arrangement,
since the members to which the magnetic pole row and
the magnetic sensor are mounted are both tubular mem-
bers, they are high in rigidity, so that the relative position
between the magnetic pole row and the magnetic sensor
is changed to a lesser degree by external vibration.
[0022] A rolling bearing may be mounted in the inner
periphery of the reaction force receiving member to ro-
tatably support the rotary shaft. With this arrangement,
it is possible to more rigidly support the rotary shaft and
also to minimize vibration of the reaction force receiving
member due to external vibration.
[0023] As the magnetic sensor, an MR sensor using a
magnetoresistance element or an MI sensor using a
magneto-impedance element may be used. But a Hall
IC using a Hall element is preferably used, because a
Hall IC can detect not only the intensity of the magnetic
field but also the direction of the magnetic field, and thus
can detect a change in relative position between the mag-
netic pole row and the magnetic sensor with higher ac-
curacy. If neodymium magnets are used as the perma-
nent magnets, the magnets can generate strong mag-
netic fields while taking up little space.
[0024] The magnetic pole row may comprise a plurality
of electromagnetic coils of which N-poles and S-poles
are arranged alternately with and adjacent to each other.
In this case, the brake system may be further provided
with a coil temperature sensor for measuring the temper-
ature of the electromagnetic coils, and a current regulat-
ing circuit for changing the current applied to the electro-
magnetic coils according to the output signal of the coil
temperature sensor such that the intensity of the mag-
netic field generated by the electromagnetic coils is con-
stant. With this arrangement, since the electromagnetic
coils can generate a stable magnetic field without being
influenced by a change in temperature, the detection ac-
curacy of the magnetic sensor 38 improves.

ADVANTAGES OF THE INVENTION

[0025] In the electric brake system according to the
present invention, since the magnetic sensor is mounted,
not on the linear motion member of the linear motion
mechanism, but on the member which receives the re-
action force, the distance between the friction pad and
the magnetic sensor is long. Thus, the area surrounding
the magnetic sensor is less likely to be heated to a high
temperature. By using the magnetic pole row made up
of N-poles and S-poles arranged alternately with and ad-

jacent to each other in the axial direction, the output signal
of the magnetic sensor changes steeply when the relative
position between the magnetic pole row and the magnetic
sensor changes in the axial direction, while the output
signal of the magnetic sensor scarcely changes when
this relative position changes in a direction other than the
axial direction. This minimizes the influence of external
noise on the output signal of the magnetic sensor, thereby
making it possible to detect the pressing force of the fric-
tion pad with high accuracy in a stable manner.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026]

Fig. 1 is a sectional view of an electric brake system
embodying the present invention.
Fig. 2 is an enlarged sectional view of and around
an electric linear motion actuator of Fig. 1.
Fig. 3 is a sectional view taken along line III-III of Fig.
2.
Fig. 4 is an enlarged sectional view of and around a
magnetic sensor.
Fig. 5 is view similar to Fig. 4 in which the magnetic
sensor is arranged in a different manner from Fig. 4.
Fig. 6 is an enlarged sectional view of an electric
linear motion actuator which includes a linear motion
mechanism in the form of a ball-screw mechanism.
Fig. 7 is an enlarged sectional view of an electric
linear motion actuator which includes a linear motion
mechanism in the form of a ball-ramp mechanism.
Fig. 8 is a sectional view taken along line VIII-VIII of
Fig. 7.
Fig. 9(a) shows the relationship between a ball and
inclined grooves shown in Fig. 7; and Fig. 9(b) shows
a state in which a rotary disk and a linear motion disk
have rotated relative to each other from the state of
Fig. 9(a) and the distance between the disks has
increased from the state of Fig. 9(a).

BEST MODE FOR EMBODYING THE INVENTION

[0027] Fig. 1 shows an electric brake system 1 embod-
ying this invention. This electric brake system 1 includes
a brake disk 2 adapted to rotate together with a vehicle
wheel, and a caliper body 6 having opposed pieces 3
and 4 facing each other with the brake disk 2 therebe-
tween, and a bridge 5 through which the opposed pieces
3 and 4 are coupled together. The brake system 1 further
includes an electric linear motion actuator 7 mounted in
a mounting hole 19 formed in the opposed piece 3 and
open to the surface of the opposed piece 3 facing the
brake disk 2, and a pair of right and left friction pads 8
and 9.
[0028] The friction pad 8 is provided between the op-
posed piece 3 and the brake disk 2, and supported by a
pad pin (not shown) mounted to the caliper body 6 so as
to be movable in the axial direction of the brake disk 2.
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The other friction pad 9 is mounted to the other opposed
piece 4, on the opposite side. The caliper body 6 is sup-
ported so as to be slidable in the axial direction of the
brake disk 2.
[0029] As shown in Fig. 2, the electric linear motion
actuator 7 includes a rotary shaft 10, a plurality of plan-
etary rollers 11 kept in rolling contact with the cylindrical
surface on the outer periphery of the rotary shaft 10, an
outer ring member 12 surrounding the planetary rollers
11, a carrier 13 retaining the planetary rollers 11 so that
the planetary rollers can rotate about their respective ax-
es while revolving around the rotary shaft, and a reaction
force receiving member 14 disposed axially rearward of
the outer ring member 12.
[0030] The rotary shaft 10 is connected to an electric
motor 15 shown in Fig. 1 through a gear 16, and is rotated
by the electric motor 15. The rotary shaft 10 is received
in the mounting hole 19, which axially extends through
the opposed piece 3, such that the rear end of the rotary
shaft 10 protrudes from the rear opening of the mounting
hole 19. The gear 16 is mounted on the portion of the
rotary shaft 10 protruding from the mounting hole 10 and
is rotationally fixed to the rotary shaft 10 by means of
splines. The gear 16 is covered by a lid 18 fixed in position
by bolts 17 to close the rear end of the mounting hole 19.
A bearing 18a is mounted in the lid 18 to rotatably support
the rotary shaft 10.
[0031] As shown in Fig. 3, the planetary rollers 11 are
kept in rolling contact with the cylindrical surface on the
outer periphery of the rotary shaft 10 such that when the
rotary shaft 10 rotates, the planetary rollers 11 rotate to-
gether with the rotary shaft 10 due to friction between the
planetary rollers 11 and the rotary shaft 10. The planetary
rollers 11 are circumferentially arranged at regular inter-
vals.
[0032] As shown in Fig. 2, the outer ring member 12
is received in the mounting hole 19, which is formed in
the opposed piece 3 of the caliper body 6, so as to be
axially slidable along the wall of the mounting hole 19.
The outer ring member 12 has engaging recesses 21
formed in the axial front end thereof in which engaging
protrusions 20 formed on the backside of the friction pad
8 are engaged. By the engagement between the engag-
ing protrusions 20 and the engaging recesses 21, the
outer ring member 12 is rotationally fixed to the caliper
body 6.
[0033] A helical rib 22 is formed on the inner periphery
of the outer ring member 12. The helical rib 22 is engaged
in circumferential grooves 23 formed in the outer periph-
ery of each of the planetary rollers 11 such that when the
planetary rollers 11 rotate, the outer ring member 12 is
moved axially with the helical rib 22 of the outer ring mem-
ber 12 guided by the circumferential grooves 23. In the
embodiment, circumferential grooves 23, i.e. grooves
having a lead angle of zero degrees are formed in the
outer periphery of each planetary roller 11. But instead
of such circumferential grooves 23, a helical groove hav-
ing a different lead angle from the helical rib 22 may be

formed.
[0034] The carrier 13 includes carrier pins 13A rotata-
bly supporting the respective planetary rollers 11, an an-
nular carrier plate 13C keeping the front ends of the car-
rier pins 13A circumferentially spaced apart at regular
intervals, and a carrier body 13B keeping the rear ends
of the carrier pins 13A circumferentially spaced apart at
regular intervals. The carrier plate 13C and the carrier
body 13A are axially opposed to each other with the plan-
etary rollers 11 therebetween, and are coupled together
by coupling rods 24 extending between the circumferen-
tially adjacent planetary rollers 11.
[0035] The carrier body 13B is supported by the rotary
shaft 10 through a slide bearing 25 so as to be rotatable
relative to the rotary shaft 10. Thrust bearings 26 are
mounted between the respective planetary rollers 11 and
the carrier body 13B to prevent the rotation of the plan-
etary rollers 11 about their respective axes from being
transmitted to the carrier body 13B.
[0036] Compression ring springs 27 are each wrapped
around the circumferentially spaced apart carrier pins
13A to radially inwardly bias the carrier pins 13A. Thus,
under the biasing force of the compression ring springs
27, the outer peripheries of the planetary rollers 11 are
pressed against the outer periphery of the rotary shaft
10, thus preventing slippage between the rotary shaft 10
and the planetary rollers 11. In order to apply the biasing
force of the compression ring springs 27 over the entire
axial lengths of the planetary rollers 11, one of the com-
pression ring springs 27 is wrapped around first ends of
the carrier pins 13A, while the other compression spring
27 is wrapped around the opposite second ends of the
carrier pins 13A.
[0037] The reaction force receiving member 14 is fitted
in the mounting hole 19 at a position axially rearward of
the outer ring member 12. The reaction force receiving
member 14 includes an annular plate portion 14A axially
supporting the carrier 13 through a spacer 28 which re-
volves around the rotary shaft 10 together with the carrier
13, and a thrust bearing 29; and an inner tubular portion
14B extending axially rearwardly from the radially inner
edge of the annular plate portion 14A. The thrust bearing
29 prevents the rotation of the carrier 13 around the rotary
shaft 10 from being transmitted to the reaction force re-
ceiving member 14. A plurality of rolling bearings 30 are
mounted axially spaced from each other in the inner pe-
riphery of the reaction force receiving member 14 to ro-
tatably support the rotary shaft 10.
[0038] The reaction force receiving member 14 is re-
strained from axial rearward movement by a snap ring
31 which engages the outer peripheral edge of the an-
nular plate portion 14A. The snap ring 31 is fitted in a
circumferential groove 32 formed in the wall of the mount-
ing hole 19 at its portion axially rearward of the area where
the outer ring member 12 slides. The snap ring 31 is
made up of a plurality of circular arc-shaped split mem-
bers combined into a ring shape. An annular retainer 33
restrains radial movement of the snap ring 31, thereby
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retaining the snap ring 31 in the circumferential groove
32.
[0039] The reaction force receiving member 14 re-
strains axial rearward movement of the carrier 13 by ax-
ially supporting the carrier body 13B through the spacer
28 and the thrust bearing 29. The carrier 13 is also re-
strained from axial forward movement. Thus, the carrier
13 is restrained from both forward and rearward axial
movements. The planetary rollers 11, which are retained
by the carrier 13, are also restrained from axial move-
ment.
[0040] A stationary member 35 is fixed to the opposed
piece 3 while being axially rearwardly spaced from the
reaction force receiving member 14. The stationary mem-
ber 35 may be fixed in position by being sandwiched be-
tween the opposed piece 3 and the lid 18. The stationary
member 35 includes a fixed plate portion 35A provided
axially rearwardly of and facing the reaction force receiv-
ing member 14, and an outer tubular portion 35B extend-
ing axially forwardly from the fixed plate portion 35A so
as to face the radially outer surface of the inner tubular
portion 14B of the pressure receiving member 14.
[0041] As shown in Fig. 4, a plurality of permanent
magnets 36 are mounted on the outer periphery of the
inner tubular portion 14B of the reaction force receiving
member 14 such that N-poles and S-poles thereof are
arranged alternately with and adjacent to each other,
thereby defining a magnetic pole row 37 of which N-poles
and S-poles are arranged alternately with and adjacent
to each other in the axial direction. The respective per-
manent magnets 36 are magnetized in the radial direction
such that N-poles and S-poles form at the radially outer
and radially inner ends of each permanent magnet 36,
respectively.
[0042] If neodymium magnets are used as the perma-
nent magnets 36, the magnets 36 can generate strong
magnetic fields while taking up little space. But as the
permanent magnets 36, samarium-cobalt magnets, Aln-
ico magnets, or ferrite magnets may be used instead. If
samarium-cobalt magnets or Alnico magnets are used
as the permanent magnets 36, the magnetic fields gen-
erated from the permanent magnets are less likely to
decrease with a temperature rise of the permanent mag-
nets 36, so that the intensity of the magnetic field is stable
when the temperature of the permanent magnets 36 ris-
es.
[0043] A magnetic sensor 38 is mounted on the inner
periphery of the outer tubular portion 35B of the stationary
member 35 so as to face the magnetic pole row 37 in a
direction perpendicular to the axial direction (radial direc-
tion in the figures). The magnetic sensor 38 is arranged
on lines extending from the respective permanent mag-
nets 36 in the direction in which the magnets 36 are mag-
netized such that the magnetic sensor 38 can detect a
change in magnetic field when the relative position be-
tween the magnetic sensor 38 and the magnetic pole row
37 changes in the axial direction, thereby detecting an
axial change in relative position between the inner tubular

portion 14B and the outer tubular portion 35B based on
the change in magnetic field as detected. As the magnetic
sensor 38, an MR sensor using a magnetoresistance el-
ement or an MI sensor using a magneto-impedance el-
ement may be used. But a Hall IC using a Hall element
is preferably used, because a Hall IC can detect not only
the intensity of the magnetic field but also the direction
of the magnetic field, and thus can detect a change in
relative position between the magnetic pole row 37 and
the magnetic sensor 38 with higher accuracy.
[0044] A temperature sensor 39 is mounted on the in-
ner periphery of the outer tubular portion 35B in the vi-
cinity of the magnetic sensor 38. A thermocouple may
be used as the temperature sensor 39. But preferably, a
resistance thermometer sensor (thermistor) is used as
the temperature sensor 39, because a resistance ther-
mometer sensor can detect temperature with a smaller
measurement error than a thermocouple, and can stably
maintain high detection accuracy over a prolonged period
of time. A circuit for processing the output signals of the
magnetic sensor 39 and the temperature sensor 39 in-
cludes a correction control unit for correcting the output
signal of the magnetic sensor 38 based on the output
signal of the temperature sensor 39. The correction con-
trol unit corrects the output signal of the magnetic sensor
38 so as to compensate for the amount of reduction in
magnetic field generated from the permanent magnets
36 due to a temperature rise of the permanent magnets
36.
[0045] The operation of the electric brake system 1 is
now described.
[0046] When the electric motor 15 is activated, the ro-
tary shaft 10 is rotated, so that the planetary rollers 11
revolve around the rotary shaft 10 while rotating about
the respective carrier pins 13A. This causes the outer
ring member 12 and the planetary rollers 11 to rotate
relative to each other due to engagement of the helical
rib 22 in the circumferential grooves 23. But since the
planetary rollers 11 as well as the carrier 13 are restrained
from axial movement, only the outer ring member 12 is
moved axially with the planetary rollers 11 not movable
in the axial direction. Thus in this electric brake system
1, the rotation of the rotary shaft 10, which is driven by
the electric motor 15, is converted to axial movement of
the outer ring member 12 such that the friction pad 8 is
pressed against the brake disk 2 by the outer ring mem-
ber 12, thereby generating a braking force.
[0047] When the friction pad 8 is moved axially for-
wardly and pressed against the brake disk by the outer
ring member 12, an axially rearward reaction force is ap-
plied to the outer ring member 12. This reaction force is
transmitted through the planetary rollers 11, carrier 13,
spacer 28 and thrust bearing 29 and received by the re-
action force receiving member 14. The reaction force
thus causes axial deformation of the reaction force re-
ceiving member 14 such that the relative position be-
tween the magnetic pole row 37 and the magnetic sensor
38 changes in the axial direction. As a result, the output
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signal of the magnetic sensor 38 changes according to
the pressing force with which the friction pad 8 is pressed
against the brake disk. Thus, it is possible to detect the
pressing force with which the friction pad 8 is pressed
against the brake disk based on the output signal of the
magnetic sensor 38. It is also possible to control the brak-
ing force of the electric brake system 1 using the output
signal of the magnetic sensor 38.
[0048] When the friction pad 8 is pushed forward and
pressed against the brake disk 2, frictional heat is gen-
erated between the friction pad 8 and the brake disk 2,
which increases the temperature of and around the fric-
tion pad 8. Thus, if the sensor for detecting the pressing
force of the friction pad 8 is provided on or in the bridge
5 of the caliper body 6 or on or in the linear motion member
of the electric linear motion actuator 7 (i.e. the outer ring
member 12), the sensor is heated to such a high tem-
perature that the circuit for processing the output signal
of sensor cannot be placed sufficiently close to the sen-
sor. Thus, noise is more likely to be generated.
[0049] With the above-described electric brake system
1, since the magnetic sensor 38 is provide not in or on
the linear motion member (outer ring member 12) of the
linear motion actuator 7 but on its portion which receives
a reaction force applied to the linear motion member (i.
e. the reaction force receiving member 14), the distance
from the friction pad 8 to the magnetic sensor 38 is suf-
ficiently long that the temperature of and around the mag-
netic sensor 38 is less likely to rise. This makes it possible
to detect the pressing force of the friction pad 8 with high
accuracy.
[0050] In the electric brake system 1, a magnetic pole
row 37 is used in which N-poles and S-poles are arranged
alternately with and adjacent to each other in the axial
direction, the output signal of the magnetic sensor 38
changes steeply and suddenly when the relative position
between the magnetic pole row 37 and the magnetic sen-
sor 38 changes in the axial direction, while the output
signal of the magnetic sensor 38 scarcely changes for a
change in relative position in a direction other than the
axial direction. Especially in the vicinity of the boundary
between any adjacent N-pole and S-pole, the magnetic
field changes steeply when the above relative position
changes even slightly. Thus, the output signal of the mag-
netic sensor 38 is less likely to be influenced by external
vibration, so that it is possible to stably and accurately
detect the pressing force of the friction pad 8.
[0051] In this electric brake system 1, since the por-
tions on which the magnetic pole row 37 and the magnetic
sensor 38 are respectively mounted are both tubular in
shape (outer tubular portion 35B and inner tubular portion
14B), these portions are high in rigidity, so that the relative
position between the magnetic pole row 37 and the mag-
netic sensor 38 is changed to a lesser degree by external
vibration. Further, the rolling bearings 30 mounted on the
inner periphery of the reaction force receiving member
14 to rotatably support the rotary shaft 10 minimize vi-
bration of the reaction force receiving member 14 due to

external vibration, thus improving the detection accuracy
of the magnetic sensor 38 in an extremely stable manner.
[0052] When a reaction force applied to the outer ring
member 12 is received by the reaction force receiving
member 14, the reaction force receiving member 14 is
deformed more markedly at its radially inner portion than
at its radially outer portion. Thus by providing the inner
tubular portion 14B, on which the magnetic pole row 37
is mounted, so as to face not the radially outer portion of
the stationary member 35 but the radially inner portion
of the stationary member 35, as in the embodiment, it is
possible to detect the pressing force of the friction pad 8
with high accuracy.
[0053] One way to detect the pressing force of the fric-
tion pad 8 would be to estimate the pressing force of the
friction pad 8 based on the axial displacement of the outer
ring member 12 when the friction pad 8 is moved axially
forwardly and pressed against the brake disk by the outer
ring member 12. But with this arrangement, the pressing
force of the friction pad 8 as detected tends to be unstable
due to the influence of hysteresis of the electric brake
system. In contract, in the electric brake system 1 ac-
cording to the present invention, since the pressing force
of the friction pad 8 is detected based on the deformation
of the reaction force receiving member 14 due to a reac-
tion force applied thereto when the friction pad 8 is moved
axially forwardly and pressed against the brake disk by
the outer ring member 12, hysteresis of the electric brake
system 1 has no influence on the result of detection, so
that the magnetic sensor can stably maintain high detec-
tion performance for a prolonged period of time.
[0054] In the above-described embodiment, the per-
manent magnets 36 are mounted on the inner tubular
portion 14B of the pressure receiving member 14, while
the magnetic sensor 38 is mounted on the outer tubular
portion 35B of the stationary member 35. But as shown
in Fig. 5, the magnetic sensor 38 may be mounted on
the inner tubular portion 14B of the reaction force receiv-
ing member 14, while the permanent magnet 36 may be
mounted on the outer tubular portion 35B of the stationary
member 35.
[0055] The magnetic pole row 37 preferably comprises
permanent magnets 36 arranged such that their N-poles
and S-poles are positioned alternately with and adjacent
to each other, because such a magnetic pole row is sim-
ple in structure and is less expensive. But instead, a mag-
netic pole row 37 may be used which comprises a plurality
of electromagnetic coils of which N-poles and S-poles
are arranged alternately with and adjacent to each other.
In the latter arrangement, it is preferable to provide a coil
temperature sensor for measuring the temperature of the
electromagnetic coils, and a current regulating circuit for
changing the current applied to the electromagnetic coils
according to the output signal of the coil temperature sen-
sor such that the intensity of the magnetic field generated
by the electromagnetic coils is constant. With this ar-
rangement, since the electromagnetic coils can generate
a stable magnetic field without being influenced by a
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change in temperature, the detection accuracy of the
magnetic sensor 38 improves.
[0056] In the above embodiment, the linear motion
mechanism for converting the rotary motion of the rotary
shaft 10 to a linear motion of the linear motion member
is a planetary roller mechanism comprising the plurality
of planetary rollers 11, which are in rolling contact with
the cylindrical surface on the outer periphery of the rotary
shaft 10, the carrier 13, which retains the planetary rollers
11 such that the planetary rollers 11 can revolve and
rotate, and is restrained from axial movement, and the
outer ring member 12 surrounding the planetary rollers
11 such that the helical rib 22 formed on the inner pe-
riphery of the outer ring member 12 is engaged in the
helical grooves or circumferential grooves formed in the
outer peripheries of the planetary rollers 11. But the
present invention is equally applicable to an electric
brake system which uses a different linear motion mech-
anism too.
[0057] By way of example thereof, Fig. 6 shows a linear
motion actuator including a ball-screw mechanism as the
linear motion mechanism. In the following description of
Fig. 6, elements corresponding to those of the above
embodiment are denoted by identical numerals and their
description is omitted.
[0058] In Fig. 6, the linear motion actuator 7 comprises
a rotary shaft 10, a threaded shaft 40 integral with the
rotary shaft 10, a nut 41 surrounding the threaded shaft
40, a plurality of balls 44 disposed between a thread
groove 42 formed in the outer periphery of the threaded
shaft 40 and a thread groove 43 formed in the inner pe-
riphery of the nut 41, a return tube, not shown, through
which the balls 44 are returned from the terminal end to
the starting end, of the thread groove 43 of the nut 41,
and the reaction force receiving member 14, which is
provided axially rearward of the nut 41.
[0059] The nut 41 is received in the mounting hole 19
formed in the opposed piece 3 of the caliper body 6 so
as to be rotationally fixed and axially slidable, relative to
the caliper body 6. Spacers 28 are provided at the axially
rear end of the threaded shaft 40 so as to rotate together
with the threaded shaft 40. The spacers 28 are supported
by the reaction force receiving member 14 through a
thrust bearing 29. The reaction force receiving member
14 axially supports the nut 41 through the spacers 28
and the thrust bearing 29, thereby restricting axial rear-
ward movement of the nut 41.
[0060] This linear motion actuator 7 is configured such
that when the rotary shaft 10 is rotated, the threaded
shaft 40 and the nut 41 are rotated relative to each other
such that the nut 41 is moved axially forward. At this time,
an axial rearward reaction force is applied to the threaded
shaft 40. The reaction force is transmitted to the reaction
force receiving member 14 through the spacers 28 and
the thrust bearing 29, and received by the reaction force
receiving member 14. The reaction force thus deforms
the reaction force receiving member 14 in the axial di-
rection, changing the relative position between the mag-

netic pole row 37 and the magnetic sensor 38. This in
turn changes the output signal of the magnetic sensor
38 corresponding to the pressing force of the friction pad
8, in the same manner as in the first embodiment. Thus,
it is possible to detect the pressing force of the friction
pad 8 based on the output signal of the magnetic sensor
38.
[0061] Fig. 7 shows an electric brake system including
a ball-ramp mechanism as the linear motion mechanism.
[0062] The electric linear motion actuator 7 of Fig. 7
includes a rotary shaft 10, a rotary disk 50 rotationally
fixed to the outer periphery of the rotary shaft 10, a linear
motion disk 51 provided axially forward of the rotary disk
50 and facing the rotary disk 50, a plurality of balls 52
sandwiched between the rotary disk 50 and the linear
motion disk 51, and the reaction force receiving member
14, which is provided axially rearward of the linear motion
disk 51.
[0063] The linear motion disk 51 is received in the
mounting hole 19 formed in the opposed piece 3 of the
caliper body 6 so as to be rotationally fixed and axially
slidable, relative to the caliper body 6. A spacer 28 is
provided at the axially rear end of the rotary disk 50 so
as to rotate together with the rotary disk 50. The spacer
28 is supported by the reaction force receiving member
14 through a thrust bearing 29. The reaction force receiv-
ing member 14 axially supports the rotary disk 50 through
the spacer 28 and the thrust bearing 29, thereby restrict-
ing axial rearward movement of the rotary disk 50.
[0064] As shown in Figs. 7 and 8, inclined grooves 53
are formed in the opposed surface 50a of the rotary disk
50 facing the linear motion disk 51 such that the depth
of each inclined groove 53 gradually decreases in one
of the opposite circumferential directions, while inclined
grooves 54 are formed in the opposed surface 51a of the
linear motion disk 51 facing the rotary disk 50 such that
the depth of each inclined groove 54 gradually decreases
in the other of the opposite circumferential directions. As
shown in Fig. 9(a), the balls 52 are each received be-
tween the corresponding pair of the inclined grooves 53
of the rotary disk 50 and the inclined grooves 54 of the
linear motion disk 51. As shown in Fig. 9(b), when the
rotary disk 50 rotates relative to the linear motion disk
51, the balls 52 roll in the respective pairs of inclined
grooves 53 and 54 such that the distance between the
rotary disk 50 and the linear motion disk 51 increases.
[0065] In this electric linear motion actuator 7, when
the rotary shaft 10 is rotated, the linear motion disk 51
and the rotary disk 50 rotate relative to each other such
that the linear motion disk 51 is moved axially forwardly.
At this time, an axially rearward reaction force acts on
the rotary disk 50. The reaction force is transmitted
through the spacer 28 and the thrust bearing 29 and re-
ceived by the reaction force receiving member 14. The
reaction force thus axially deforms the reaction force re-
ceiving member 14 such that the relative position be-
tween the magnetic pole row 37 and the magnetic sensor
38 changes in the axial direction. As a result, the output
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signal of the magnetic sensor 38 changes corresponding
to the pressing force of the friction pad 8, so that it is
possible to detect the pressing force of the friction pad 8
based on the output signal of the magnetic sensor 38, in
the same manner as with the above-described other em-
bodiments.

DESCRIPTION OF THE REFERENCE NUMERALS

[0066]

1. Electric brake system
2. Brake disk
6. Caliper body
8. Friction pad
10. Rotary shaft
11. Planetary roller
12. Outer ring member
13. Carrier
14. Reaction force receiving member
14A. Annular plate portion
14B. Inner tubular portion
15. Electric motor
19. Mounting hole
22. Helical rib
23. Circumferential groove
29. Thrust bearing
30. Rolling bearing
35. Stationary member
35A. Fixed plate portion
35B. Outer tubular portion
36. Permanent magnet
37. Magnetic pole row
38. Magnetic sensor
39. Temperature sensor

Claims

1. An electric brake system comprising a rotary shaft
(10) configured to be driven by an electric motor, a
linear motion mechanism including a linear motion
member (12) and configured to covert a rotary mo-
tion of the rotary shaft (10) to a linear motion of the
linear motion member (12), a brake disk (2), and a
friction pad (8) configured to be pressed against the
brake disk (2) by the linear motion member (12),
characterized in that the electric brake system fur-
ther comprises:

a reaction force receiving member (14) config-
ured to receive an axially rearward reaction force
applied to the linear motion member (12) when
the friction pad (8) is moved axially forwardly
and pressed against the brake disk (2) by the
linear motion member (12), wherein the reaction
force receiving member (14) is provided axially
rearward of the linear motion member (12);

a stationary member (35) fixed in position at a
location axially rearwardly spaced from the re-
action force receiving member (14);
a magnetic pole row (37) mounted to one of the
reaction force receiving member (14) and the
stationary member (35), and comprising N-
poles and S-poles which are arranged alternate-
ly with and adjacent to each other in an axial
direction; and
a magnetic sensor (38) mounted to the other of
the reaction force receiving member (14) and
the stationary member (35) so as to face the
magnetic pole row (37) in a direction perpendic-
ular to the axial direction such that the magnetic
sensor (38) can detect a change in relative po-
sition between the magnetic sensor (38) and the
magnetic pole row (37) in the axial direction.

2. The electric brake system of claim 1, wherein the
magnetic pole row (37) comprises a plurality of per-
manent magnets (36) of which N-poles and S-poles
are arranged alternately with and adjacent to each
other.

3. The electric brake system of claim 1 or 2, further
comprising a temperature sensor (39) provided in a
vicinity of the magnetic sensor (38), and a correction
control unit configured to correct an output signal of
the magnetic sensor (38) based on an output signal
of the temperature sensor (39).

4. The electric brake system of claim 3, wherein the
temperature sensor (39) comprises a resistance
thermometer sensor.

5. The electric brake system of any of claims 1 to 4,
wherein the linear motion mechanism comprises a
plurality of planetary rollers (11) kept in rolling con-
tact with a cylindrical surface on an outer periphery
of the rotary shaft (10), a carrier (13) retaining the
planetary rollers (11) such that the planetary rollers
(11) can revolve around the rotary shaft (10) while
rotating about axes of the respective planetary rollers
(11), and restrained from axial movement, and the
linear motion member (12), wherein the linear motion
member (12) comprises an outer ring member sur-
rounding the plurality of planetary rollers (11), and
wherein the outer ring member (12) has a helical rib
(22) formed on an inner periphery of the outer ring
member (12), and the planetary rollers (11) are each
formed with a helical groove or circumferential
grooves (23) in an outer periphery of the planetary
roller (11) such that the helical rib (22) is engaged in
the helical grooves or the circumferential grooves
(23).

6. The electric brake system of claim 5, wherein the
reaction force receiving member (14) comprises an
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annular plate portion (14A) axially supporting the car-
rier (13) through a thrust bearing (29), and an inner
tubular portion (14B) extending axially rearwardly
from a radially inner edge of the annular plate portion
(14A), wherein the stationary member (35) compris-
es a fixed plate portion (35A) arranged axially rear-
ward of and facing the reaction force receiving mem-
ber (14), and an outer tubular portion (35B) extend-
ing axially forwardly from the fixed plate portion (35A)
so as to face a radially outer surface of the inner
tubular portion (14B), and wherein the magnetic pole
row (37) is mounted to one of the outer tubular portion
(35B) and the inner tubular portion (14B) and the
magnetic sensor (38) is mounted to the other of the
outer tubular portion (35B) and the inner tubular por-
tion (14B).

7. The electric brake system of claim 6, further com-
prising a rolling bearing (30) mounted in an inner
periphery of the reaction force receiving member
(14) and rotatably supporting the rotary shaft (10).

8. The electric brake system of any of claims 1 to 7,
wherein the magnetic sensor (38) comprises a Hall
IC.

9. The electric brake system of any of claims 1 to 8,
wherein the permanent magnets (36) comprise neo-
dymium magnets.

10. The electric brake system of claim 1, wherein the
magnetic pole row (37) comprises a plurality of elec-
tromagnetic coils of which N-poles and S-poles are
arranged alternately with and adjacent to each other.

11. The electric brake system of claim 10, further com-
prising a coil temperature sensor for measuring a
temperature of the electromagnetic coils, and a cur-
rent regulating circuit for changing a current applied
to the electromagnetic coils according to an output
signal of the coil temperature sensor such that an
intensity of a magnetic field generated by the elec-
tromagnetic coils is constant.
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